Background. Cannabidiol (CBD) is a major chemical compound present in Cannabis sativa. CBD is a nonpsychotomimetic substance, and it is considered one of the most promising candidates for the treatment of psychiatric disorders. Objective. e aim of this review is to illustrate the state of art about scientific research and the evidence of effectiveness of CBD in psychiatric patients. Methods. is review collects the main scientific findings on the potential role of CBD in the psychiatric field, and results of clinical trials carried out on psychiatric patients are commented. A research was conducted in the PUBMED, SCOPUS, and ScienceDirect databases using combinations of the words cannabidiol, psychiatry, and neuropsychiatric. Results. Preclinical and clinical studies on potential role of CBD in psychiatry were collected and further discussed. We found four clinical studies describing the effects of CBD in psychiatric patients: two studies about schizophrenic patients and the other two studies carried out on CBD effects in patients affected by generalized social anxiety disorder (SAD). Conclusion. Results from these studies are promising and suggest that CBD may have a role in the development of new therapeutic strategies in mental diseases, and they justify an in-depth commitment in this field. However, clinical evidence we show for CBD in psychiatric patients is instead still poor and limited to schizophrenia and anxiety, and it needs to be implemented with further studies carried out on psychiatric patients.
Introduction
e plant Cannabis contains a complex of secondary metabolites, the so-called cannabinoids. Cannabinoids consist of more than 60 compounds of which delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) are the most known. CBD is a resorcinol-based compound capable to mitigate the psychotomimetic effects produced by THC at high dosages [1] . CBD has no psychotomimetic effects and possesses a distinct pharmacological profile not comparable to THC that is the principal psychoactive cannabinoid-type compound in the plant of Cannabis. Despite the pharmacological characteristics, THC and CBD have the same chemical formula even if the atoms are differently displayed [2] (Figure 1 ). CBD was isolated for the first time in 1940, and its structure was described by Mechoulam et al. in 1963, while the definitive molecular configuration was established twenty-seven years later [3] . While THC acts as a partial agonist at the G protein-coupled CB1 (CB1r) and CB2 (CB2r) cannabinoid receptors, current evidence suggests that CBD does not directly interact with the endocannabinoid system (ECS) [4] . CBD has not an evident intrinsic activity over these receptors and has low-affinity for CB1r and CB2r binding [5] . Effects of CBD on intracellular signaling are widely independent of CB1 receptors [6] and the in vivo effects of CBD, including its anti-inflammatory properties, appear to be CB 1 -independent [7] . Anyway, the relative mechanism of action appears to be complex, and it has been not definitively studied [8] .
Apart from effects involving CB1r and CB2r [9, 10] , CBD modulates other cellular systems, such as the transient receptor potential subfamily V member 1 (TRPV1) cation channels [11] , the orphan G-protein-coupled receptor 55 also known as GPR55 and operating as a counterpart to the standard CB1R/CB2R signaling pathway [12] , fatty acid amide hydrolase (FAAH) [13] , peroxisome proliferator-activated receptor gamma (PPARc) [14] , serotonin 1A (5-ht1a) [15, 16] , and μ-and δ-opioid [17] receptors. CBD modulates calcium flux through the control on intracellular calcium stores [18] and is a competitive inhibitor of adenosine uptake [19, 20] . Some CBD effects at these targets in in vitro assays only manifest at high concentrations, which may be difficult to achieve in vivo, particularly given CBD's relatively poor bioavailability [4] . e volume of distribution of CBD following intravenous administration is 32 l/kg. CBD reaches many organs and tissues, including the eye and the central nervous system (CNS). After hepatic hydroxylation to 7hydroxy cannabidiol (7-OH-CBD), subsequent faecal and, to a lesser extent, urinary excretion of metabolites occurs [21] .
CBD possesses anti-inflammatory and antioxidant properties and has been considered as a potentially new pharmacological approach for neuroprotection [22] . Early findings showing that CBD attenuated psychotomimetic and anxiogenic effects induced by high doses of THC in humans led to believe that this cannabinoid could possess antipsychotic and anxiolytic properties [23] . Likewise, it is remarkable that CBD is not a psychotomimetic agent since it does not produce effects related to abuse and dependence as THC does [24] but it can be effective at the CNS level, crossing the blood-brain barrier, and clinical findings suggest that CBD could represent a useful strategy for the treatment of neurological diseases such as epilepsy [25] , neurodegenerative diseases such as Alzheimer's disease (AD) [26] , Huntington's disease (HD) [27] , and Parkinson's disease (PD) [28] , and neonatal brain ischemia [29] .
Several studies suggest that deficiencies of ECS can contribute to the development of psychiatric diseases [30] , particularly mood disorders [31] , schizophrenia [32] , depression [33] , and anxiety [34] . CBD is considered a safe substance and as one of the most promising candidates for the treatment of psychiatric disorders. e aim of this review is to illustrate the state of art about scientific research and the evidence of effectiveness of CBD in psychiatric disorders.
Methods

Search Strategy.
Using electronic databases, such as PubMed, Scopus, and ScienceDirect, the search was carried out independently by two researchers with "cannabidiol" as the main keyword starting from January 1970 to February 2019. In a second step, the words "psychiatry," "schizophrenia," "anxiety," "depression," "autism," "anxiolytic," "antidepressant," and "antipsychotic" were one by one added to the keyword "cannabidiol." Articles published on peer-reviewed scientific journals describing psychiatric CBD preclinical effects and clinical studies carried out with patients affected by psychiatric diseases were collected and discussed. Case series and case reports and human studies investigating psychiatric issues only in healthy individuals not affected by psychiatric diseases were excluded.
Study Selection.
e authors collected all preclinical and clinical findings carried out investigating the effects of CBD alone, not in combination with other substances, in the psychiatric field. Articles describing CBD preclinical effects and four studies reporting CBD clinical effects in psychiatric patients were found. Articles were included if they met the following inclusion criteria: articles written in English language, CBD used alone, and CBD used not in combination with other substances. Studies carried out with cannabis preparations containing cannabinoids or other compounds other than CBD or products containing THC or other compounds were excluded. Involvement of CBD in neurodegenerative diseases bordering with the psychiatric Evidence-Based Complementary and Alternative Medicine field such as Parkinson's Disease and Alzheimer's Disease has been discussed in a previous review about neurological aspects of CBD use [25] . is review followed the PRISMA statement.
Results
Preclinical and clinical studies on potential role of CBD in psychiatry were collected and further discussed. We found four clinical studies describing the effects of CBD in psychiatric patients, two studies about schizophrenic patients, and two studies carried out on CBD effects in patients affected by generalized SAD. e total number of 73 scientific articles were finally selected and discussed for the present review ( Figure 2 ). Tables 1 and 2 summarize for each clinical study patients' pathological characteristics, study design, population, treatment, endpoints, outcome, and reference. Table 3 reports clinical study carried out on healthy subjects. For each clinical study considered, CBD effects, study design, population, treatment, endpoints, outcome, and reference. Table 4 reports quality assessment of randomized controlled trials by the Jadad scoring system.
CBD and Schizophrenia.
Schizophrenia is a severe, lifelong mental disorder affecting about 1% of world's population. is pathology is characterized by positive and negative symptoms, and also the cognitive system is affected often leading to functional impairment. Unfortunately, not all patients respond to pharmacological treatments [40] . Recent findings focused on the participation of ECS in the pathogenic mechanisms of schizophrenia and suggested that CBD may have antipsychotic properties. CBD effects do not appear to depend on dopamine receptor antagonism and thus may be a promising new pharmacological approach to the treatment of this disease [41] . Suggestion for the involvement of ECS comes from studies linking the abuse of cannabis and schizophrenia and from observation of increased endocannabinoids and changes in the expression of cannabinoid receptors in several brain regions of patients affected by schizophrenia [42] . CBD has a pharmacological profile similar to atypical antipsychotics, reducing psychotic-like symptoms. CBD (15-60 mg/kg), like haloperidol (0.25-0.5 mg/kg), dose-dependently reduced stereotyped behavior induced by apomorphine in rats at doses unable to produce catalepsy [43] . Either central injection in the dorsal striatum or systemic injection of CBD (30-60 mg/kg) reduces catalepsy induced by haloperidol, thus suggesting that it can act in the dorsal striatum to improve haloperidol-induced catalepsy via postsynaptic 5-HT1A receptors [44] . CBD is also known to ameliorate hyperlocomotion and prepulse inhibition of the startle reflex deficits in acute models of schizophrenia [45] .
Starting from the evidence that chronic THC exposure during adolescence in rats induces schizophrenic-like behaviors and decreases mTOR-p70S6K signaling pathway in the prefrontal cortex of adult brains, it has been shown that both CBD and THC can induce opposite functional effects within these pathways [46] . Since THC and CBD have opposite effects on the activity of the hippocampus, medial prefrontal cortex (MPC), striatum, and superior temporal and occipital cortices, it has been suggested that different patterns of brain activation could underlie their opposing actions on schizophrenia-related circuits [47] .
Consistently with these findings, antipsychotic medications have been recently reported to increase mammalian target of rapamycin (mTOR) and the ribosomal protein p70S6K signaling through direct actions on dopamine D2selective neuronal populations in the striatum. Further studies demonstrate that CBD antipsychotic effects could be due to mechanistic effects reducing dopaminergic sensitization directly within the mesolimbic pathway, considered the primary brain target for antipsychotic intervention [48] . It has been also suggested that CBD activity as dopamine partial agonist action of CBD may account for its clinical antipsychotic effects [49] . Furthermore, as well as for the antipsychotic drug aripiprazole, CBD is known to facilitate 5-HT1A receptor-mediated neurotransmission in schizophrenia-related areas, including the rodent MPC [50] .
A small-scale clinical study investigating on CBD antipsychotic symptoms in humans confirmed its potential as an effective, safe, and well-tolerated antipsychotic chemical substance.
is study was performed as a double-blind, randomized clinical trial comparing the effects of CBD of CBD vs amisulpride in acute schizophrenia. Both treatments appeared to be safe but with CBD showing a better sideeffect profile. Antipsychotic effects of CBD were associated with a significant increase in serum anandamide levels.
ese results induced the authors to hypothesize that clinical improvement caused by CBD inhibition of anandamide deactivation [35] (Table 1) .
More recently, CBD was investigated in a randomized double-blind parallel-group trial, on patients with schizophrenia receiving CBD (1000 mg/day; N � 43) or placebo (N � 45) alongside their existing antipsychotic medication for 6 weeks. Participants were assessed before and after treatment using psychiatric scales. After 6 weeks of treatment, CBD was well tolerated and with respect to the placebo group, the CBD group had lower levels of negative symptoms and were more likely to have been rated as improved. Patients treated with CBD also showed greater improvements that fell short of statistical significance in cognitive performance and Evidence-Based Complementary and Alternative Medicine 3 in overall functioning [36] . Results of the study induced the authors to conclude that CBD has beneficial effects in patients with schizophrenia (Table 1) . CBD has been also evaluated for the treatment of cognitive impairments associated with schizophrenia. Cognitive, symptomatic, and side effects of oral CBD (600 mg/day) added to a stable dose of antipsychotic medication were compared versus placebo in a 6-week, randomized, placebocontrolled, parallel group, in 36 stable antipsychotic-treated patients diagnosed with chronic schizophrenia. All subjects completed the MATRICS Consensus Cognitive Battery (MCCB), and psychotic symptoms were assessed using the Positive and Negative Syndrome Scale (PANSS) at baseline and biweekly. Results showed a significant decrease in PANSS scores. Side effects were similar between CBD and placebo, excepted for sedation, which was more prevalent in the CBD group. On this basis, the authors concluded that add-on of CBD was not associated with an improvement in MCCB or PANSS scores in stable antipsychotic-treated outpatients with schizophrenia [51] . Evidence-Based Complementary and Alternative Medicine
CBD and Anxiety.
Anxiety is an adaptive, physiological mechanism essential for survival. It is characterized by a state of increased vigilance and responsiveness producing defensive behaviors with the aim to prevent or reduce harm to the organism when we face unexpected and/or potentially dangerous situations or conditions [52] . Symptoms arising from excessive anxiety are present in several psychiatric disorders, including generalized anxiety disorder (GAD), panic disorder (PD), and social anxiety disorder (SAD) [53] . Even though activation of serotonergic 5-HT1A receptor appears to mediate anxiolytic effects, CB1r also seems to be involved. CB1r activation probably mediates CBD enhancement of fear extinction, reconsolidation blockade, and prevention of the long-term adverse anxiogenic consequences of stress [52] . Studies carried out by using experimental animal models suggest a possible role of ECS in panic-like responses. In particular, it has been observed as activation of CB1r located in the periaqueductal gray reduces the escape reaction induced by stimulation of this brain region [54] . In the same manner, CB1r agonists injected either systemically or directly in the PAG also attenuate the induced escape response at elevated T-maze, a panicolytic effect [55] . Involvement of hippocampal neurogenesis in the anxiolytic effect of CBD in mice subjected to 14-days chronic unpredictable stress (CUS) has been investigated. It was observed that repeated administration of CBD (30 mg/kg i.p.) prevented the anxiogenic effect of CUS and increased hippocampal progenitor proliferation and neurogenesis in wild-type mice. According to the authors, anxiolytic effects of CBD involved CB1r, as CBD administration increased hippocampal anandamide levels and administration of the CB1r antagonist AM251 prevented CBD actions. Moreover, the same experiments showed that endocannabinoid depletion by FAAH overexpression prevented cell proliferation induced by CBD. On this basis, the authors suggested that anxiolytic effect produced by chronic CBD administration in stressed mice could be due to endocannabinoid-mediated proneurogenic action in the adult hippocampus [56] . e potential of CBD acutely or chronically administered (21 days) to reduce anxiogenic responding produced by foot shock (FS) stress 24 h prior to the LD test in rats pretreated with THC (1 mg) was investigated. Administration of CBD (5 mg/kg) prevented the FS-induced anxiogenic-like responding [57] .
It has been observed that repeated (14 days) CBD injections attenuate the anxiogenic effects induced by CUS in mice. After 14 days, CBD (30 mg/kg) induced anxiolytic [39] CBD � cannabidiol; delta-9-THC � delta-9-tetrahydrocannabinol. Evidence-Based Complementary and Alternative Medicine responses in stressed animals in the elevated plus maze and novelty suppressed feeding tests, which were blocked by pretreatment with a CB1 (AM251) or CB2 (AM630), but not by 5-ht1a (WAY100635) antagonist. ese effects were associated with an increase in hippocampal neurogenesis and spine density in the dentate gyrus of the hippocampus. AM251 and AM630 abolished the effects of CBD on spine density. ese findings indicate that CBD prevention of CUS-induced behavioral effects is probably caused by facilitation of endocannabinoid neurotransmission and consequent CB1r/CB2r activation, which could recruit intracellular/synaptic proteins involved in neurogenesis and dendritic remodeling [58] .
Evidence-Based Complementary and Alternative Medicine
Rats subjected to the spared nerve injury model for 24 days show decreased 5-HT firing activity, mechanical allodynia, and increased anxiety-like behavior in the elevated plus maze test, open-field test, and novelty-suppressed feeding test. Treatment with acute intravenous (i.v.) increasing doses of CBD (0.1-1.0 mg/kg) decreased in these animals the firing rate of 5-HT neurons in the dorsal raphe nucleus, which was prevented by administration of the 5-HT1A antagonist WAY100635 (0.3 mg/kg, i.v.) and the TRPV1 antagonist capsazepine (1 mg/kg, i.v.) but not by the CB1 receptor antagonist AM251 (1 mg/kg, i.v.). Seven days of treatment with CBD reduced and decreased anxiety-like behavior associated with mechanical allodynia and normalized 5-HT activity. Anxiolytic effect was blocked only by WAY100635. ese experiments seem to confirm that reduction of anxiety associated with analgesia produced by CBD predominantly through TRPV1 activation is mediated by 5-HT1A receptor activation [59] .
A clinical study was carried out to investigate the possible interaction between CBD and THC in healthy humans. Volunteers received orally placebo, THC (30 mg), CBD (15, 30, or 60 mg), and mixtures of THC plus CBD. While THC alone increased pulse rate, disturbed time tasks, and induced strong psychological reactions in the subjects, CBD alone provoked no effects. When both drugs were given together, CBD was efficient in decreasing the anxiety and blocking most of the effects of THC [39] (Table 3) .
Another clinical study carried out on eight volunteers showed that CBD could reduce the anxiety caused by THC. Volunteers received orally one of the following treatments: THC (0.5 mg/kg); CBD (1 mg/kg); mixture (0.5 mg/kg THC + 1 mg/kg CBD); placebo and diazepam (10 mg). Results confirmed that CBD blocks the anxiety provoked by THC [23] (Table 3) .
Two clinical studies on the effects of CBD in psychiatric patients who have been diagnosed with pathological anxiety were found. A double-blind randomized study compared the effects on anxiety induced by simulation public speaking test on healthy control patients and treatment-naIve patients affected by social anxiety disorder (SAD) who received before the test a single dose of CBD (600 mg) or placebo. CBD significantly reduced anxiety, cognitive impairment, and discomfort in speech performance and significantly decreased alert in anticipatory speech [37] (Table 2) .
Another randomized controlled double-blinded crossover study investigated CBD effects in patients with generalized SAD using neuroimaging. Regional cerebral blood flow (rCBF) at rest was measured twice using (99 m) Tc-ECD SPECT in 10 treatment-naive patients with SAD. In the first session of the study, subjects were treated with oral CBD (400 mg) or placebo, and in the second session, a crossover procedure was applied. Compared to placebo, CBD significantly decreased subjective anxiety and reduced ethyl cysteinate dimer (ECD) uptake in the left parahippocampal gyrus, hippocampus, and inferior temporal gyrus while increased ECD uptake in the right posterior cingulate gyrus, thus suggesting an antianxiety effect of CBD in SAD probably related to its activity in limbic and paralimbic brain areas [38] (Table 2 ). SAD is one of the most common and impairing anxiety conditions but is poorly controlled by the currently available drugs, with only 30% of subjects achieving true remission [60] . For this reason, we need to investigate for new drugs effective against pathological anxiety. Even if there is a small number of clinical studies on patients affected by anxiety, they indicate that CBD has promising anxiolytic properties to be investigated in larger clinical studies.
CBD and Depression.
On the basis of laboratory findings, CBD has been proposed as a putative novel antidepressant. Experimental animal studies showed CBD (200 mg/kg intraperitoneally; i.p.) antidepressant-like effects in mice subjected to the forced swimming test (FST) and also under chronic stress conditions [61] . CBD is effective in animal models of predictive of antidepressant effect. CBD promotes both a rapid and a sustained antidepressant effect in animal models. is effect seems to be due to its ability to interact with multiple neurotransmitter systems involved in depression, including the serotonergic, glutamatergic, and endocannabinoid systems. Moreover, it has been shown that CBD increases brain-derived neurotrophic factor (BDNF) levels and synaptogenesis in the medial prefrontal cortex, as well as it increases neurogenesis in the hippocampus [62] . FST is a model of behavioral despair whereby mice placed in an inescapable situation (a cylinder of water) usually exhibit behavioral despair. An antidepressant-like effect is elicited as a reduction in immobility duration and sustained escape attempts (swimming and climbing) [63] . Evaluation of systemic i.p. CBD in the FST revealed a significant decrease in immobility time significant at the dose of 200 mg/kg [61] . Other experiments showed that CBD (30 mg/kg) anti-immobility effects were comparable to those of imipramine and reduced by WAY100635, antagonist of 5-HT1A receptors. ese data suggested that CBD-antidepressant-like effects are probably mediated by activation of 5-HT1A receptors [32] . is view is supported by other experiments in rats were centrally injected with CBD (10-60 nmol) in the ventral MPC, a brain area rich in serotonergic innervation and playing a significant role in stress responses. CBD significantly reduced the immobility time in the FST, and this activity was prevented by central administration of either 5-HT1A antagonist WAY100635 (10 and 30 nmol) or CB1 antagonist AM251 (10 pmol). Overall, these results indicated that the increase of CBD into the vmPFC may induce Evidence-Based Complementary and Alternative Medicine 7 antidepressant-like effects mediated by activation of both CB1 and 5-HT1A receptors [64] . More recent laboratory findings suggest that CBD-antidepressant-like effects may be related to rapid changes in synaptic plasticity in the vmPFC through activation of the brain-derived neurotrophic factortropomyosin receptor kinase B (BDNF-TrkB) signaling pathway [65, 66] . Antidepressant/antianhedonic-like effects of CBD were also evaluated using the genetic "depressive-like" Wistar-Kyoto (WKY) rat model. Oral pretreatment with CBD (15, 30, and 45 mg/kg) showed a prohedonic effect on WKY rats at 30 mg/kg in the saccharin preference test. CBD also increased exploration and locomotion, indicating an increase in the motivation to explore [63, 67] .
More recently, it has been shown that ineffective doses of CBD (7 mg/kg), when coadministered with ineffective doses of fluoxetine (5 mg/kg) or desipramine (2.5 mg/kg), produced significant antidepressant-like effects. Pretreatment with para-chlorophenylalanine (PCPA; 150 mg/kg, i.p., per day for 4 days) depleting central serotonin abolished CBDantidepressant-like effects in FST, thus indicating the involvement of serotonergic mechanisms [65] . Clinical evidence of CBD-antidepressant effects in people affected by depression does not exist.
CBD and Autism.
Autism spectrum disorders (ASDs) are a group of disabilities characterized by repetitive behavioral and activity patterns and social interaction disorders with a worldwide prevalence about 1% and prevalent in males [68] . e ECS has a role in maintaining adequate social functioning, and it seems to be affected in autism [69] .
Anandamide is one of the endocannabinoids most studied for its potential implication in autism. It has been suggested that low levels of anandamide may contribute to the pathophysiology of autism [70] . A clinical study was performed through liquid chromatography-tandem mass spectrometry methodology analysis of anandamide concentration in banked blood samples collected from a cohort of 112 children with and without autism. Anandamide concentrations were significantly lower in autism cases (N � 59) compared to control children (N � 53) [71] . Finally, data from rodent autism models demonstrate genetic mutations in the neuroligin gene disrupt tonic endocannabinoid signaling [72] and the importance of its signaling mode in neurodevelopment and psychiatric disorders [67] . No clinical study investigating effects of CBD in people affected by autism has been published.
Discussion and Conclusions
Increasing evidence shows that CBD could have a role in the therapy of mental diseases. Previous scientific articles faced this argument focusing on pharmacological activity of CBD [73] and suggesting that CBD may have an effective therapeutic role in the treatment of psychiatric disorders on the base of clinical studies and case reports [73] . Results of our research, enriched in assessment of methodological quality of the studies, confirm the view of this cannabinoid as a promising molecule especially in particular sectors of psychiatry such as schizophrenia, anxiety, depression, and autism.
Even though CBD effects in brain has not yet been fully investigated, it is known that it exerts a positive impact on some neuroplasticity markers of antidepressant effects, such as increased BDNF levels [74] , restores the impaired neuroproliferation caused by chronic stress in animals [56] , and shows to have anti-inflammatory, antioxidant, immunomodulatory and neuroprotective effects, these probably mediated by interaction with peroxisome proliferator-activated receptor-c and stimulation of hippocampal neurogenesis [14] . CBD properties reducing inflammation and oxidative stress associated with neurotoxicity, together with the absence of psychoactive effects make CBD a candidate to be a new approach for the treatment of psychiatric disorders. Nevertheless, our review shows that despite the potential utility supported by the great number of experiments using laboratory experimental models, evidence for therapeutic effects of CBD in the psychiatric field is restricted to a few clinical studies investigating CBD in schizophrenic patients and subjects affected by anxiety. Moreover, it is noteworthy that beneficial effects are generally related to the use of high doses of CBD and its use as an adjuvant [75] . Clinical trials' quality assessment according to Jadad score shows that all the four studies were randomized and double-blinded, but the method to generate random allocation sequence is not described in three studies and the double-blinding procedure was not reported for all the studies (Table 4 ). However, results from these studies are promising and suggest that CBD may have a role in the development of new therapeutic strategies in these mental diseases and they justify an in-depth commitment in research in this field. In conclusion, clinical evidence for CBD in psychiatric patients is instead still poor and limited to schizophrenia and anxiety; thus, it needs to be implemented with further larger and well-designed studies. However, since it seems to have a good risk profile and as CBD effects do not appear to depend on dopamine-receptor antagonism, this cannabinoid could represent a new class of treatment drugs for psychiatric disorders.
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